Introduction
Levetiracetam (LEV) shows good efficacy and tolerability when it is used to treat refractory focal seizures (RFS) [1] . Its antiepileptic effect most likely occurs as it binds to synaptic vesicle protein 2a (SV2A), which is located in presynaptic membranes and regulates the calcium-dependent exocytosis of neurotransmitters into the synaptic gap [2] . Brivaracetam (BRV) is a highly selective and reversible SV2A ligand with a 15-to 30-fold higher affinity than levetiracetam has in the rat or human brain [3] . Studies have shown that BRV might also be efficacious and well tolerated as adjunctive treatment in patients with RFS [4] [5] [6] [7] [8] [9] [10] . However, it is still unclear which one has a better efficacy or tolerability for treating patients with RFS. The efficacy and tolerability of LEV and BRV have been investigated in many randomized, double-blind, placebo-controlled trials for patients with RFS. These data provide an opportunity to compare the efficacy and tolerability of LEV and BRV in patients with RFS. The aim of this study is to compare LEV with BRV indirectly in the treatment of RFS patients.
Methods
We followed the recommendations of the PRISMA (preferred reporting items for systematic reviews and meta-analyses) statement [11] . The study protocol was based on the Cochrane Review Methods (www.cochrane-handbook.org).
Search strategy and selection criteria
Three electronic databases (Medline, Embase, and the Cochrane Library) were searched. We looked for additional studies in the references of all identified publications and ClinicalTrials.gov. The cutoff day was November 6, 2015. The detailed search strategy is provided in Appendix. We selected randomized, double-blind, and placebo-controlled trials, which reported the detailed adverse effects (AEs) of LEV and BRV in patients with RFS. In addition, only articles published in English with the full text available were included.
Assessment of heterogeneity and quality and data extraction
The bias and quality of publications with randomized controlled trials (RCTs) were assessed using the tool for assessing risk of bias in the Cochrane handbook 5.1.0. According to the levels of unclear risk, low risk, and high risk, the publications were considered as good quality if the result with low risk was over 50%. Two authors searched and screened the titles, abstracts, and fulltext articles independently. The same two reviewers independently extracted relevant information from each eligible study using the same extraction form. For each of the included studies, the first author, study design, inclusion criteria of patients, dose of LEV or BRV, number of patients (intent-to-treat, ITT), percentage of patients using LEV, percentage of males, age, titration, treatment duration, duration of epilepsy, baseline seizure frequency (BSF), 50% responders rate, seizure-free rate, number of any AEs, and number of AEs withdrawal were recorded if they were presented. If there were divergences, they were resolved through discussion among all authors. We planned that the missing data, if there were, should be calculated according to the statistics method published in the Cochrane handbook 5.1.0; however, this was not necessary in the study. We assessed clinical heterogeneity by comparing the distribution of important patient factors between studies (age, epilepsy type, duration of epilepsy, and BSF) and trial factors (study design and type of control group). We assessed statistical heterogeneity by using the I 2 statistic. If the I 2 value were 75% or more, we made an a priori decision not to carry out metaanalysis. If I 2 > 50%, the heterogeneity was unacceptable and the data were analyzed with the random-effect model. If I 2 < 50%, the heterogeneity was acceptable and the data were analyzed with the fixed-effect model.
Statistical analysis
All statistical analyses were performed using Review Manager 5.3 (Cochrane Collaboration) and indirect treatment comparison (ITC) software (www.cadth.ca). The Mantel-Haenszel test, RR, and 95% confidence interval (CI) were used to compare discontinuous variables. We analyzed the data concerning the intention-to-treat populations. Outcome measures were 50% responder rate (the percentage of patients with a !50% reduction in focal-onset seizure frequency from baseline), seizure-free rate (the percentage of patients completing the treatment period without experiencing seizures of any type), AEs, and adverse withdrawal effects. Because of the higher affinity of BRV to SV2A ligand and the dose of LEV and BRV, we performed the comparison in high-(3000 mg LEV vs. 200 and 150 mg BRV), middle-(2000 mg LEV vs. 100 mg BRV), and low-(1000 and 500 mg LEV vs. 50, 25, 20, and 5 mg BRV) level doses, which represent about 15-30-fold dose difference. We summed and integrated all frequencies of LEV/BRV-treated and placebo-treated 50% responder rate, seizure-free rate, AEs, and adverse withdrawal effects. Using these data, we first compared the 50% responder rates, seizure-free rates, AEs, and adverse withdrawal effects of LEV/BRV against placebo in patients with RFS. Then, because no studies compared LEV with BRV, we were unable to use weighted methods to find RRs. Instead, we performed an ITC for LEV against BRV in patients with RFS using ITC software. A common reference-based indirect comparison meta-analysis is a method of synthesizing data from different interventions. For example, if we try to compare A with B indirectly, direct evidence is provided by studies that compare A with C and B with C, respectively. However, indirect evidence is provided when studies that compare A with C and B with C are analyzed jointly. The Bucher approach was applied for indirect comparisons [12] . The indirect comparison of BRV and LEV was adjusted by the results of their direct comparisons with placebo.
All results were presented as statistically significant when P < 0.05.
Results
We identified 13 trials that met our criteria, including 8 studies [1, [13] [14] [15] [16] [17] [18] [19] in LEV and 5 trials [4] [5] [6] [7] [8] in BRV comparing with placebo. A flow diagram of the identification is shown in Fig. 1 . The features of the included studies are presented in Tables 1 and 2 . In total, 8 studies in LEV and 5 studies in BRV included 1765 patients (Table 1 ) and 1919 patients, respectively ( Table 2) . Tables 1 and 2 also show items of clinical heterogeneity assessment, including age, epilepsy type, study design, type of control group, duration of epilepsy, and BSF. For each study, the mean values reported for the entire study group were extracted except for the BSF, which was reported by median values in most studies. The baseline characteristics were well balanced in either arms of each RCT included. In addition, we found that some I 2 values were 50% or more but not more than 75% for the statistical heterogeneity of efficacy, AEs, and withdrawal. All of the enrolled RCTs were of high quality because the result with low risk was over 50% (Table 4) .
Efficacy
The RRs of efficacy in LEV-treated vs. placebo patients are depicted in Table 4 . Statistically significant differences in 50% responder rate and seizure-free rate were found in all dose levels except 500 mg/d.
The RRs of efficacy in BRV-treated vs. placebo patients are depicted in Table 3 . Statistically significant differences in 50% responder rate and seizure-free rate were found in all dose levels except 5 mg/d.
The aggregated data of efficacy including 50% responder rate and seizure-free rate are listed in Table 5 . The indirect comparison between LEV-treated vs. BRV-treated RFS patients shows that there were no statistical differences at all dose levels. However, most RRs at three dose levels were >1 for 50% response proportions (smallest P value 0.08).
Adverse events
The RRs of AEs in LEV-treated vs. placebo patients are depicted in Table 4 . Adverse withdrawal events of LEV at the middle-dose level (2000 mg) and somnolence in the low-and middle-dose levels (1000-2000 mg) exhibited statistically significant differences.
The RRs of AEs in BRV-treated vs. placebo patients are depicted in Table 3 . Adverse withdrawal events of BRV at the middle-dose level (100 mg), at least one treatment-emergent adverse event at the middle-dose level (100 mg), dizziness at the high-dose level (150-200 mg), somnolence at middle-and high-dose levels (100-200 mg), and asthenia a low-and middle-dose levels (20-100 mg) exhibited statistically significant differences.
The indirect comparison between LEV-treated and BRVtreated RFS patients showed that only two AEs, including headache (RR 0.41, 95%CI 0.12-1.37, P = 0.02) and dizziness (RR 0.38, 95%CI 0.18-0.83, P = 0.03), exhibited statistically significant differences at the high-dose level, which is possibly because BRV had a higher incidence of headache and dizziness (Table 5 ). We also found that the overall RRs of headache was 0.67 (95%CI 0.40, 1.12; P = 0.04). Nevertheless, the RRs of headache included the null value of 1, which might indicate no statistically significant difference regarding headache. There were no statistically significant differences in other AEs at the middle-and low-dose levels. 
Discussion
We systematically compared the efficacy and the frequency of AEs of LEV and BRV in 13 RFS RCTs. Statistically statistical differences in 50% responder rate and seizure-free rate of LEV and BRV compared with placebo were found except at the lowest dose. Therefore, both LEV and BRV were effective for RFS patients, a finding that coincides with those of previous studies [1, [4] [5] [6] [7] [8] [13] [14] [15] [16] [17] [18] [19] . We also investigated the dose-response relationship of LEV and BRV. The maximum efficacy of both drugs seemed to be limited at the middle-dose, i.e., high-dose of both drugs (3000 mg LEV and 200 mg BRV) did not present higher efficacy than middledose. This result was also suggested in a previous study [20] . In addition, the majority of statistically statistical differences for AEs and the withdrawal of LEV and BRV were already found at the middle-dose levels, which means that a dose of more than 2000 mg/d LEV and 100 mg/d BRV should be treated carefully. Therefore, both the lowest dose and the highest dose (500 mg LEV, 3000 mg LEV, 5 mg BRV, and 200 mg BRV) are unfavorable choices.
The indirect comparison of efficacy between LEV-treated and BRV-treated RFS patients showed no statistical differences at all dose levels, which indicates that there is no sufficient evidence to determine if the efficacy between the two groups at the three dose levels was different. However, there appeared to be a trend toward better efficacy for LEV because the RRs in three dose levels were >1 and the overall RR had statistical differences for 50% response proportions. The indirect comparison of AEs showed that dizziness exhibited statistical differences, which might indicate that BRV had a higher incidence of AEs. Although the lower efficacy of BRV might be caused by the relatively low doses, the incidences of AEs were higher at the same dose. Therefore, administering higher daily doses of BRV must be done with care. Several potentially confounding factors may have contributed to or attenuated our findings, and they need to be discussed. First, although only patients with uncontrolled seizures were recruited, the inclusion criteria of populations in the two groups had different numbers of resistant antiepileptic drugs (AEDs) at base line. In addition, the inclusion criteria of refractory focal seizures patients appears in only two studies [13, 17] for LEV, and no studies for BRV were accorded with the definition of drug resistant epilepsy [21] made by the International League Against Epilepsy in 2010. Most studies included patients who were treatment resistant with 1 AED; however, LEV studies also included patients who were treatment resistant with 3 AEDs. Therefore, the efficacy of LEV might be decreased. Second, about 20% of patients treated with BRV use concomitant LEV, which may decrease the efficacy of BRV [20] . However, BRV and LEV do not appear to influence each other's plasma concentrations [22] ; therefore, we speculated that the lower efficacy of BRV may be caused by LEV taking up the position of the SV2A ligand. The shorter treatment time of BRV also was a possible reason for its lower efficacy. In addition, concomitant LEV may increase the risk of AEs in BRV-treated patients because of the synergistic effect, which may explain why BRV-treated patients had a higher incidence of dizziness. Third, only one study [8] on BRV had a titration, whereas seven studies [1, 13, 14, [16] [17] [18] [19] on LEV had it. This also may have caused a higher incidence of AEs in BRVtreated patients. Forth, because the aggregated sample sizes were large and individual studies were not weighted, the RRs and 95%CI may have been overstated. The present meta-analysis has the following limitations that cannot be ignored. First, a general limitation of meta-analyses is that no ideal data collection can be performed. For example, we only synthesized studies published in English. In addition, publication bias was existent because null or difficult-to-interpret results might be unpublished. Second, some AEs in epilepsy patients were not reported in detail; therefore, we could not compare more AEs. Third, there was heterogeneity in the studies. The random effects model might reduce the effect of heterogeneity, but we could not remove it. Forth, there were sufficient samples in the studies, which might partially affect the results. For example, most RRs of serious AEs in the BRV group were less than 1; therefore, SAEs seemed to have fewer incidences with BRV. A possible explanation was that BRV reduced the incidence rates of several AEs, for instance, convulsions, status epilepticus, and injuries needed in-patient hospitalization, which were categorized as SAEs [4, 6] . However, the incidence rate of SAEs is very low, and therefore, the present small number of samples may have induced this situation. RCTs with large numbers of samples are needed to determine these findings. These results should be interpreted carefully.
Conclusion
Our results suggest that LEV may have a slightly higher efficacy with a lower probability of dizziness compared with BRV for patients with refractory focal seizures. The majority of statistically statistical differences in the AE of LEV and BRV were found at highand middle-dose levels. Therefore, the dose of LEV and BRV should be carefully selected. Further RCTs with large samples are needed to determine these findings.
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